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I. INTRODUCTION

This report is to comment on progress to date on rescarch being
conducted under NASA Grant NGR-14-0056-097. Since the work being con-
ducted with this support is closcly related to prcviqﬁs work performed.
under supplement 3 to NASA Grant NSG-511 no attempt is made to distin-
guiéh between them and all progress is contained in fhis report. In
general, the work related to the payloads intended for launch from

v

Wallops Island was supported by supplement 3 to Grant NSG-511. The
remainder was supported by Grant NGR-14-005-097. \

In brief, the major purpose of the grants was to support the de~
velopment of a mass spectrometer package for use in ionospheric studies
utilizing Nike-Apache rockets. The hope then Qas that a series of
rocket launchings would follow to investigate the behavior of the ion-
osphere under varying conditions. The details of the requirements afe

included in the appendix. This appendix consists of a thesis written

by a masters degree candidate.
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II, WORK COMPLETED

A mass spectromcter was developed and two rocket payloads were con-
structed in cooperation with GCA Corporation, a holder of a concurrent
contract with NASA, The laboratory tests were conducted and samplce
spectra obtainced during these tests arc included in the appendix. The
entire payload performed quite well during these tests and no problems
developed during the entire test program.

Two launches were scheduled for August 24, 1566, from the Wallops
Island facility. Only one of the payloads was launched when it bocamé
clear that the spectrometer package had a malfunction during the flight
of the first payload. The trouble appeared to be high voltage break-
down at some point in the package. There also appecarcd to be some
interference between experiments.

Further laboratory tests confirmed that high voltage breakdown in
the multipliericould in fact rcsqlt in outputs similar to those recorded
during the launch of the first pﬁyload. Further testing should have

been carried out in the laboratory but a commitment to launch two pay-

loads from Rio Grapnde, Brazil, on November 12, 1966, during a solar eclipse

was already becoming tight timewise.
It was believed that the difficulties could be remedied by taking
the following étcpsf
1) Reduce the voltage applied to the electron multiplier.
2) Provide ports on the quadrupole and multiplier com-

partments to facilitate pumping down during flight.



3) Enlarging the entrance and exit apertures of the
quadrupole to compensate for the gain lost by re-
ducing the multiplier voltages.

4) Shielding supply leads to cut down interference.

To facilitate incorporation of General Mendonca's experiment on
the Brazil shots the quadrupole structure was also lengthened to almost
double its original length. A modest change to allow the measurcment of
total ion density was also made. This change was made to allow more pre-
cise in-flight calibration of the instrument.

Two payloads were constructed, with GCA Corporation, incorporating
these changes for use during the Brazil expedition.

Upon launching the first payload from Rioc Grande, Brazil, a quite
similar breakdown problem occurred during flight and the second payload
was nét launched.

Following the troubles at Brazil, the sccond Wallops payload hes
bcen subjected to considerable further testing and it is now believed.
that all problems related to high voltage breakdown have been resolved.

¥

The principle problem is related to the conversion of 28.5 volts
to 1800 volts and the leads to carry the 1800 volts to the multiplier
compartment. Breakdown was observed interior to the éommercially pro-
duced converter and, although verification has not yet been obtained,
it would scem that the connectors used and the interconnection wiring
would both have the same problem.

The problem essentially is that the pumping speed of the electronics

packages, the converter in particular, is quite slow and thus the interior



pressure does not drop sufficiently below the minimum of the Paschen
curve to prevent the breakdown from occurring. The package operates
normally at atmospheric pressure and also at the ambient pressures en-
countered during flight if maintained at these pressures for an oxtendéd
period of time to allow the slow pumping spced to carry the interior

pressure to ambicnt.



III, WORK IN PROGRESS

The high voltage breakdown difficulties are being resolved by
sealing all of the high voltage circuitry and wiring and maintaining
this package at atmospheric pressurc throughout the flight. This re-
quires almost complete rearrangement of the electronics but this al-
teration is finished on the Wallops payload and testing is currently
being conducted.

As soon as the Brazil payload reaches the laboratofy the modifi-
cations will be made on it and further tests conducted. This payload
is tentatively scheduled for a launch on a Nike-Cajun vehicle from
Wallops Island on May 16, 1967,

Plans for the Wallops package will be formulated following the
May 16, 1967, launch. Some modifipations of the quadrupole and mul-
tiplier compartments remain to be done on this package however. .

Preliminary efforts are also being made toward the development

of a negative ion mass spectrometer for use in ionospheric research.



APPENDIX
CHAPTER AI

INTRODUCTION

The quadrupole mass filter is a recently introduced device which
transmits only ions of a fixed charge-to-mass (e/m) ratio. By changing
its electrical parameters it is possible to change the charge-to-mass
ratio of ions which will be transmitted. Thus, a wide range of ions
can be investigated in succession.

The theory of the quadrupole mass spcctrometer was developed in
1955 by Dr. Wolfgang Paul and others at the University of Bonn from ex-
tensive earlier work on strong focusing electric and magnetic lens
systems. Since then, scveral types of quadrupole filters have been
used for detection of ions in different mediums.

The apparatus is particularly well suited for uppecr atmosphere
research because it combines high scensitivity with small size and low
power requircments. Recently (1965, Narcisi and Bailey) it‘was used
at heights between 60 - 120 km and interesting results were obtained.
Light metallic ions appeafed bétween 95 and 110 km and their distri-
bution suggested that the night-time E-region ionosphere is maintained
by ionized metal atoms but this still requires further study.

This work discusses the electronic equipment of the mass spec-
trometer for ionospheric investigations. The equipment is designed to
suit particularly the mass range of light metals and atmospheric gases.
The low (less than 8 amu) and high (greater than 50 amu) mass ranges
arce not covered.

Wherever possible, miniature components are used because the



apparatus was to be put in a limited spacc in a rocket. Solid state
devices are used for most active components.

Standard techniques of encapsulating all the components are appliéd
in order to ensure rigidity and protection against aécelcration and
shocks.

The apparatus was tested and calibrated under normal conditions,

which differ from expected working conditions.



CHAPTIR ATl
MASS SPECTROMETRY

IntroduétiOn

The mass spectrometer has an e/m band pass characteristic for
charged particles. It is obtained by applying a high frequency field
on four hyperbolic elecctrodes (Fig. 1). With the applied voltages of
opposite sign on the y and x hyperbolas the potential between elec-

trodes 1is

Yo VoY) L

I,

©

2 2 2
where r =x -y
o o o

and the electric field is

E=-2V®(xx-Y§) .,

The equation of motion of a charged particle with mass m and
charge e in such a field is
2
moLr' E,_ 0O 1.3

which is equivalent to:

m AMZX V(X
?;}EL - e (*ﬂ ;:- = C) 1.4
mdY _ e Vi) L —,: O 1.5
at* | 4

22
m% — O 1.6

Equation 1.6 shows that the velocity of a particle is constant

along the z direction.
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- For V(t) = U 4+ V cos (wt) and with a change of variable wt/2 = % y

equations 1.4 and 1.5 become:

£ 1 (o r2gees2g)x = O

i:.g — (Q-&-Q.zcosZ%))’:: O 1.8

where:

e U 2_ VASY
m rd WOt
Equations 1.7 and 1.8 are the normal form of Mathieu equations for

which the solution is of the form:

Y = C;\ E‘-Mézc\s 2158 Oﬁleék Z -éz{s‘gl.lo

The initial entrance conditions of ions are containcd in c(_l,

ci~2, Cls’ and CZS’ and u depends on a and ¢.

Stable oscillations in the x direction are obtained for those
u(ax, qx) for which x £ oo when é>-veo. The same is true for the y
direction. The range of ax, q. corresponding to stable oscillation in
the x direction can be plotted 'in the a4 plane. The same applies-
for a . Since a = - a and q = q we sce that the overlappin

y: Qy x v JX lvr © ppling

mirror image of stable ay, qy about the ¢ axis, with stable ax, q will
give the stable region for both components of oscillation.

For the fixed field and dimension specifications ro, w, U, and V,
all ions of identical mass have the same operating point a, q. If the
point lies within the three-sided region in the a, g plane (Fig. 2),

stable and undamped oscillation in the x-y plane will result. On the

edge of the region the oscillations are undamped. Outside the region



the amplitude of oscillation rapidly increases.

The ratio a/q = 2U/V is independent of the mass and therefore all
ions of different masses lie on a straight line a = 2U/V q in the
stability diagram (Fig. 2). Only thosec ions whose operating point
satisfics ay < q <:q2 will be stable. By increasing the U/V ratio the
stable q interval (which corresponds to stable mass intérval) beccomes
smaller until it rcaches the point q1 = q2 = qlim = ,706 with corre-
sponding alim = ,236 and U/V = .167. When the interscction of line
a = 2U/V ¢ with the threec-sided stability curve approaches the point

(

3l im’ qlim) only ions of onc definite mass will have a stable path,
while all the others will have unstable oscillations and will end on
the electrodes. (It also may happen that ions with stable paths end
on elccetrodes because of a large starting amplitude.)

For fixed U/V ratio there will be a possible mass interval ml, m2
corresponding to ql, q2. (In practice this mass interval should not
contain more than onec distinct mass.)

In practice mass resolving power is defined using the voltage
at the outpht of electron multiplier as the mass spectral line is scanned.
It is the ratio of the mass number of the spectral line to the width of
the spectral line at 10% of its pecak exprecssced in mass number units.

For a desired resolving power, parameters a and ¢ have to be stabi-
lized to better than Om/2m of their values. Hence it follows that the
D.C. voltage U and the high freqguency voltage V must be stabilized to
better than Am/2m and the frequency f and radius rs must be constant

to better than  Am/4dm.

If onc wants to sweep a range of jons it is possible cither to keep



the frequency constant and vary V with the U/V ratio constant or to vary

the frequency kecping U and V constant.

Mass Spectromecter and Electrical Componcents:

In Fig. 3 is shown a diagram of the actual mass spectrometer for
ionospheric investigation.

The cylindrical rods with r = 1.16 ro are a good approximation to
hyperbolical rods and can be easily made. In front of the rods are two

focusing elecctrodes at potentials - V. and - V

1 X (V2 77Vi). At the end

stands an exit aperture with the hole on the axis leading to the electron
multiplier.

The ions which have a component of velocity parallel to the rods
after being focused start to oscillate between rods. The stable ones
hit the cathode of the electron multiplier (through aperture). Secondary
electrons are ecmitted from the cathode and a multiplication process stafts
which leads to a burst of electrons which hits the anode of the multiplier.
This ?urrent serves as the input to the log amplifier.

If the component of the velocity of ions paraliel to the rods is v
the number of oscillations along the rods for an ion is simply:

L
N = —- 1.11

and it should be relatively large sgo that the stable ions have enough
oscillations to'got well resolved from the unstable ions.

In the actual experiment the relative velocity of ions with respect
to the rods (and parallel to the rods) will be near the velocity of the

rocket.

If frequency modulation is used for sweeping the mass range all the
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ions will not have the samc resolution as n depends on the frequency.
However if the frequency is high the difference in resolutzpn between
lower and higher mass numbers will be negligible. Tho resolution will
be better than in the case of amplitude modulation bécause the constant
ratio in amplitude modulation is more difficult to obtain duec to vari-
ation of V.

The block diagram of electrical componenis in Fig. 4 consists of
power supply, oscillator, elecctron multiplicr, amplif;cr, and telemetry
systemé. The available spacec in the rockot was the dominant factor for
the choice of solid state devices for all componcents (except an elec-
trometer tube used in the log amplifier). Their low power consumption
and inhcrent rigidity were other advantages over tubes. Again becausc
of limited space and less complicated CircuitryAan amplitude modulated
oscillator has been chosen. The apparatus had to meet the follbwing
mechanical specifications:

1. Vibration
a) + 1/4 inch double amplitude from 5 to 25 cps.
b) 5 g acceleration f;om 25 to 2000 cps sweep 1 minute
per octave
2. Shock
100 g shock 11 ms total duration and half-sine pulse form
3. Acceleration
50 g steady acceleration along longitudinal axis for 30
scconds
4. Spin‘

12 rps spin about longitudinal axis 6 minutes
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CHAPTER ALIX

ELECTRICAL COMPONENTS

._}(

The amplitude modulated driving oscillator consists of threc main
parts (Fig. 5): the sweeping circuit, the oscillator, and the rcctifier

with adding circuits. It had to meet the following rcquircments:

1. To provide sufficient amplitude and frequency in order to cover

the mass range from 10 amu to 50 amu.

2. To sweep the chosen mass range once cvery 1/2 sccond so that samples

of ions could be taken every 1/2 Km (the speced of rocket = \Kﬁy@> ).

3. Rectificd and attenuated sweep from tho.output of the oscillator
had to be transmitted through a telemetry system. That was the only
data for timing the results which were also to be transmitted by
telemetry. In the same time the sweep could be used for checking
the oscillator at work. The telemetry system could accept a signal

with a voltage range from 0 to 5 volts.

= . = O\ S ".-'. i
For QL Eabnm and O« ., the following relation (from Eqg. 1.9)

between parameters is easily obtained:

Vg = 720 § 0 e B

where f\ is the mass number.
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Since the mass spectrometer represents essentially a capacitance load,

the power developed in the equivalent output tank circuit is:

-~

D_ 4VCT
B Q
where C;e is the equivalent capacity and C@ is the equivalent CQ factor of
the tank circuit.

. The peak A.C, voltage Vv which we considered realizable was\J = 300v
and with the dimensions of thec spectrometer ( \_:: 4\‘ \ 2= '2}3\) )
and speed of the rocket: "J = \\/\m/s
the frequency needed to reach ﬁ\==7oqukbecomes %—: 5.5 ML

The numﬁcr of oscillations of an ion is N\= 600, That is the-average

number of oscillations in the entire range and it is sufficient for good

resolution provided that the oscillator output is symmetrical.

Sweep Circuit:

Since a linear sweep was not essential, it was possible to use a
standard unijunction-transistor sweep circuit (Fig. 7). In order not to
excced the basc to base voltage (\Agbrn$x) limit, t?e base TEBZ is returned
through a divider ¢2\121 to the power supply \/E>- This arrangment also
improves the.linoarity of the sweep because the capacitor is charging toward
a much larger voltage than the triggering voltage \4: . \/p is directly
proportional to the interbasc voltage \Abb intinsic standoff ratio VI and

forward emitter basc voltage V&)'

\/p=\/e;5r?+\/m 2.3
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Because of the variation of interbase resistance —Rbgfor different

transistors there will be a range of possible \/‘:ﬁs:

\/ _ \/E) —RE)?)N\L\K’R’L 2.4
BB win R - B
—R‘ + : [TV R ’11_ _R"'b‘b\rv\r\x -+ —R 2
R v + p Pa

and:

\/ _ Ve Repnin R, _ 2.5
BB

"o R + __]2_‘5.‘?:“_‘“_1?\_7‘ —p\“:bw\m + Ry
\ e
’Rb’t'; v Y R PR

For this range of Vb‘e; from static unijunction characteristics, oOr using
Eq. 2.3, \/p can be found.

The estimate of RC (time constant which generates the time base)
can be found assuming that \/c, rises linecarly. The approximation is very
close because of the small portion of the supply véltage to which C/ is

charged:

_t \
— tR) =~
\/C_’— \Véb (\"'ﬁi > \/&?zié : 2.6
At '{7—1, where —E is the sweep period, \/(__:\/p. Thus
The resis‘cance’R must be chosen in such a way that the intersection of

the load line with the \/EIQ characteristic lies in the region where the

slope d\/e/cl\Ie_ is negative (Fig. 6).

. Ve — V .
Thus: ._P_IP L 9.8
_Yem My /R 2.9
v

However the particular R in this range has to be chosen experimentally in
- -1 ~ s .
order to achieve exactly a time basec le, , because of the normal variations

of Y? and —R?;{s between unijunction transistors.
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Resistorsjaz)andwaa protect the junction from high current during
the transient in triggering. Capacitance C;A compensates for the cépaci—
tance between the emitter and base number two.

The actual operating path of a unijunction transistor is shown in
Fig. 10. It is an approximation to the real conditions in the circuit
because the small lead inductance is ignored. The time constant during
turn off time is simply

T=C (?\“; TRy *?d) 2.10

and has to be less than 5% of the sweep period.

Decoupling Circuit:

This circuit consists of an emitter follower~x: . The collector is
returned to the supply voltage \45through the divider-xK%T{6 (Fig. ) so

that its voltage never exceeds the permitted range:

\/ 2.11
s S Eb< \/ng
725 + R,
In order not to prevent relaxation oscillation the voltage at its
7

base (when the circuit is disconnected at point A ) must be larger than

the firing voltage Vp

Nz Ry (anBBﬂL—'RA) 2.12

Ve Ry (Ree,t \) R+ Ry
7 -
T{+—(VWQ4W\¢% ;Egﬁz 4+ R+ Ry
RO+R,

this gives:
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To prevent saturation when the sweep rcaches its peak-x§5,WQ% y and.¥i7

must satisfy the following condition:

NeRe  ReRy Ve Wee,
—R‘j '\':.Re) Q(:, +T2:—7 (‘R7"{‘ \’\\Q:,_\ (\ - \”\FE‘

2.14

r

R, consists of a potentiometer in parallel with fixed resistor so
that the base current of the driving transistorwri can be adjusted so

that at\J§ transistor'T;htakes the maximum current:Enmax (sufficient to

give the necessary voltage for the maximum mass number). Thus

Ve
N T

_T;_ must be a power transistor with audio frequency response suffi-
cient to follow the retrace time of the sweep. The maximum swing of
collector voltage is \ng which is also the maximum applied to the collector
base junction.

Power diésipated in the transistor can be found if the actual waveforms
of the collector current and voltage (Fig. 11-12) are replaced by a linear

approximation. Therefore:

_ M= Vmin T =T + I'“"‘f—ll——@‘“it 2.i5
\/QQ - \/’B -—1-—5 J( - Wit Tb

The power dissipation is

T ’ 2.16
o LAy T da = Vel VenTee | (VerVeu) (R 250
T ce e 2 | >
S
[«
— —_— / .
In the case J«mgw <L lwmuy and S L& \JEy the power is

g =R WA N 2.17
O

VMK =
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An Lo(:O filter between the driving circuit and the power supply
was used because the high frequency oscillaior uses the same power supply.

Its components must satisfy:

\ v
Lowo Sy Cooo \ 2.18

Capacitorc;}across 52 is to short circuit the high frequency and
its maximum value is determined by the fact that it must follow the turn

off time of the sweep while discharging through \2 .

High Frequency Oscillator:

This oscillator is a push-pull type with two coupled tanks in series
(Fig. 13). Push-pull is chosen to give the equal and opposiﬁe voltages
necessary for the spectrometer rods. An auto transformer connection gives
the large voltage \/ which otherwise could not bg obtained because of the

\Vébo limitation of the transistors.

Transistors-T; and —D1are alternately in saturation and thus act like
switches inserting energy alternately to each half of the coil. By means
of the f¥26:\network between collector and base of the opposite transistors,
a closed loop and positive feedback are obtained. In order to have the gain
greater than onc h?%imust be greater than one at the oscillation frequency.
The time constant’RwC\must be of‘the order of T to 57T (where | is %the
period of oscillation), so that the basc of the non-conducting transistor
is maintained negative during approximately 1/2°V . The capacitor charges
during the on time through the power supply <\@JI5P coil L—\ , and emitter
base of the on transistor. The time constant in charging the capacitor must

— . v
be much smaller than | :C:&\\i <
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Figure 14 represecnts the base emitter voltage. The almost vertical
parts of the waveform correspond to transients while zero of voltayge
corresponds to saturation. The negative part of the waveform which
follows the time constant WQ\Cq (almost vertical part of waveform following
saturation) cbrresponds to the transistor being off. The overshoot before
the base reaches zero is due to the charging of the capacitor through Y\uz .
The frequency of oscillation is determined essentially by the L_Cepom~
ponents of the circuit:;ZCLLAZ-C:l*‘CLK_where C:%_ is the capacitance of
two opposite spectrometer rods with recspect to ground plus stray capaci-
tance in the circuit.

Collector voltage (Fig. 15) changes from O (when transistor saturates)
to 2 \/B (when it is off).

The transistor has to withstand more than 23\45reverse bias between
collector and because the base is negative with respect to ground when
\[=2\L.

Since the coupling in the coil is very strong, it is possible to find \/

in terms of a turn ratio n = le/PJ\ . Thus
— 2.19

The experimental relation betwoen = and \/ for N=10/3 is given on
Fig. 16 and aéreos with the Eg. 2.19. Figure 17 represents the relation
~between \%B and -I;> ( tIB = power supply current). Both curves were
obtained by changing \/3 without the driving transistor in the circuit.

-

The break point at about \45= Z N happens when the transistors start to
saturate and thus draw more currcit. That produces a break point in the

waveform of the voltage because the oscillator is current driven and the

characteristic \é>_ I;>is the load for ihe driving transistor ll .



29

( /oy =\ ) /\ 28e11oA punoald o3 [r1oo
9Y3} JO PpuUd puv JI0}BITISSO OY) O} POIOATITOP
o8tvatoa *D°d 9yl UsOMLOQ UoTluIoY

9T oandtyg
Q0T Q01
e ] T — T T I I _

I
PR S

]

[

OO0\

(~

N\



ool

jusxand L1ddns SNSJI0A JOJVTTIOSO 03 POISATTIP o38i[oa *D°Q

og

LT dandtg

oY

oc

_ I

“ T

]




‘ 1 1 f ' i Time
Base Voltage
Figure 18
Voltage between the end of the coll and
the ground--without . in comitter
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Figure 19
Voltage between the end of the coil and
the ground--with L in emizter
Vertical rofv/cm\ Horizontal.\JAs/C““



By using an inductor L in series with the two emitters, it is possible
to linearize the waveform of the modulated voltage.
The expression for \/coe_ from (Fig. 13) is

\v/cnc = \/.; -+ \MI'cij\‘ am M rj\i\i( A M d’\‘ L. \\/‘\‘ )\\,‘ 2.20
; : a3

The current

= n\/ W Czcosw{

2_

——

is much larger than —LB . Also, ’LZ:: &5% 'L = 111
because the currents through the transistors are small compared to the
current in the tank.

With these approximations

C—OQ \/B \_Q C_\Elé 2.21
at '
= \‘/1‘/ s L L \/r‘: San (,QJE

- — N \

where Le. L.+ I\/\\-x—\ L, T Nx./

This expression holds approximately for the values of current near maximum

(i.e., for the values of collector voltage & < vcoe<2v5). The transient
4

time (time during which collector voltage changes from O to Q-Va) is,

from 2.21.

L = 2 oMc con Mo .
< wJ \_e_C/u.) \/ n )

The maximum power delivered by the supply is
’?%5 \ngiivy“lx | 2.23

ywox 18 the maximum supply current which can be determined experi-

VYOO o
where I
mentally {at the top of the sweep).

The average power delivered by the source is

o (= TN

TD'“\ \VT‘dt— Vol e dvne] .
- — =T E—s - ,‘,_
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N
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Figure 20
Voltage waveform between ond of coil and
ground ( Vg =1:Cc0v J,zivow=) without the driver
Vertical I1CCV/om Horizontal .I/AS/LM
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Figure 21
Rectified Sweep
Vertical 50V/cvn Horizontal.! S/cm
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since

Iw\o\x - I\f\'\'\v\ \
1.

=

IE = IY‘\\V\ -
The average power dissipated in the coil is:

I
B PAVEEE )
’xiivo - Y (é CE

where \/ is the maximum value of the voltage between each end of the coil

and ground, given by

\/ = \/\ + e & 2.26
\5
The maximum value of \/ at the beginning of the. sweep is \4 and 2 is
the maximum value of the A.C. voltage at the end of the sweep. With the
expression 2.26 for V , ‘?iwc) becomes
' RN 2 |
D o LCTE (N AV SAVA 2.27
owo -

o >

The power dissipation in one transistor is simply

—‘Pa\ = —\i <_PB -——pavo\) 2'28.

"Rectifier and Adding Circuit:

A full wave peak bridge rectifier was used. The bridge is coannient
because it represents a symmetrical load to the oscillator. It also reduces
the effcct of the diode's capacitances. Assuming that the capacitances
across the forward and across the reversed biased diodes are of the same

order we sce that the bridse is nearly balanced witn respoct to thaom.
<O » T
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Coming from the oscillator to opposite conds of the bridge are two small
coupling capacitors which eliminate the power supply voltage \45 from the
rectifier and also reduce the maximum reverse voltage. Two diodes in series
arc used with a large resistor across cach which divides the voltage equally
between diodes when they are roeverse biuscd.. The diodes in sceriles also
reduce the total capacitance in the branch. .

The TQ\Cﬂ time constant must be of the order of 5’F or more so that it
can follow the swcep smoothly, while (;\ must be small and of the order of
C; in order to develop sufficient voltage. A trim potentiometer in series

with W%\ balances the D.C. levels with respeet to ground.

The D.C. voltage U goes from opposite cnds of the bridge through
LrCi5Ri—C}to the peint = where it adds to the high frequency voltage. L.

is chosen such that:

, | 2.29
Lw > o

C.C
I S . is small compared to
C, + C

the turn off time of the sweep.

while the time constant

At points AA a variable resistance makes it possible to adjust the
amplitude of D.C, voltage U . The resistor '?{> is of the order of W,
and smaller than the parallel resistor leading to telemetry. Thus

’R_?</\_ﬁ ,\_”Rq

—P\r—j" -+ ’R\N

whexre iz\N is the input rcsistance of the telemetry amplifier.
Resistor —FQ7 compensates with respect to ground the effect of ;35
‘ - - —

and QL‘ . Hence 1{7 Row

R, = Ry BT
7 “RG 4 R 2.3
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Figure 23

Power Divicer



The D,C. voltage is added to the A.C. through a high resistance

R6 so that it does not load the tank.

Power Divider: (Power supply for multiplicer, collector, and accelerator)

The output of the power converter is connected to the RC divider
(Fig. 28). Choke L in series with RC divider protects the power supply
during the transient in turning on. ‘the focusing plates, collector,
and telametry terminals do not neced shunting capacitors since variations
of voltage at those terminals do not affect the system. The timc con-
stant of parallel RC's at the multiplicr terminals must be smaller than
the period of sweep TS so that the capacitor is charged in a time less
than one c¢ycle of the sweep. It must also be much larger than the time
interval between two adjacent masses in order to minimize the eifect of
voltage peaks produced by ions in the multiplicr. Thus the time constant

must satisfy

TS cyﬂ

= IPZA

A <4 c 4: S 2.32
where A is the mass range in amu.
Potentiomcters provide variable voltages in sufficient range to change

the gain of the electron multiplier.



CHAPTER IV

RESULTS AND FURTIER STUDY

Tests and calibrations were carried out under normal conditiovs
with the spectromecter in a vacuum. The spectrometer used to test the
electronics was different than the one which will be actually used in
the rocket. The primary difference was in the length of rods. The
rods used in the test were 5 inches long instead of 4 inches. Because
the differences are small the results obtained should not differ sig-
nificantly from the results cxpected using the oporatibnnl spectrometer.

A standard ion source was uscd to ionize available elewments. The
ion beam was produced by an electron bombardment source and directed
into the mass filter essentially parallel with its axis. Nitrogen,
oxygen, and argon were ionized purposely. Water vapor was always
present in the vacuum duc to imperfection of the system. Conclusions
drawn from measurements with those threce elements apply with cortainty
for the mass range from 18 - 40 amu. Outsidce that range they are a
fair guess.

The estimate of mass range is from 8 - 58 amu. . On Fig. 25 are

+ . .+ +
shown the peaks of nitrogen N water H,O0 , nitrogen 32 , OXygen OO

N

4+
l ’

t

.

and argon ArlT- We sce that the resolution {opr lower mass numbers 14
and 18 is worsc than the resolution for higher nmass numbers. That is
duc to the fact that lower mass numbers have fewer oscillations along
the rods because they get higher velocity from the accelerating potentials.

This will not be the case in the rocket since 2ll the ions will enter the

spectrometer with the same velocity.
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Figure 24
Peaks of (from left to right):
Nitrogen N(k , Water =,07 ,
Nitrogen N , Oxyzen CF ,
and argon A -
Obtained with a presure of 2.4 10 torr
Vertical 50w\\//cwx Horizontal 50 w5/t
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Multiplier Voltage

Figure 25 . “
~ . - b
Peaks of Nitrogen, Oxygen and Argon (2.4 10 tory)
Vertical 5D‘V/CWW Horizontal 2.5 WWS/CWW
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Figure 27
A Arzon Peak
( 2.4 10 ° torr Vertical SC%Mv:wHorizontalfiﬂ@é@



The peaks are ncarer to cach other for lower nuniber because the slope
of the sweep is larger at the beginning of the sweep whoro.lowor nmass
numbers are transmitted. On Fig. 26 is a magnified detail from Fig. 24
representing mass numbers 14 and 18.

The resolution was measurcd from Fig. 25 wvhoere thg time scale is
magnified. The resolution at the 32 peak is 16.7, at 28 peak is 13 and
at 40 peak is 21. It can be measurcd from the figure that the two adja-
cent peaks will be resolved if the smaller of fhe two is greater than 10%

\
of the hcight of the larger. The argon peak with magnificd time scalq is
shown on Fig. 27.

The resolution together with the peak height is a radical function
of the D.C., to A.C. ratio which is to be expected and agrces with theory.
The D.C., balance to ground does not make noticecable changes due to the
fact that the balance potentiometer is small compared to resistors in
series with it.

The system is very scnsitive to changes in power supply voltage.
That is primarily so because that voltage dircctly drives the oscillator.
. Therefore, batterics or regulated power supplics have to be used to
avoid additional modulation of the high frequency voltage which can bring
uncertainty in the results. Considering that the objective of the measure-
ments will be primarily the mass range from 20 to 50, it seems that the
instrumentation will be adequate for this purposec.

In further development, the emphasis should be made on miniaturi-
zatiog of componcents. ‘he number Qf components in the oscillator can be
reduced nearly by a factor of 2 if a monopole muss spectrometer is used.

Improvements in resolution can be made by using higher freqguencies which

o



will also reduce the size of the coil. IHowever, with a higher ffcquoncy
the voltage must also be higher in order to cover the nceded mass range
and this represents a limit when solid state devices afc used.

If more accurate results are nccded, a frequency modulated oscillator

can be usced but this inevitahly makes the

system move complicated.
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